Lymphocytes from lymphotoxin (LT)-alpha deficient mice, which lack segregation of their B and T cell areas, acquire normal organization following adoptive transfer into RAG deficient recipients, identifying a non-B non-T cell in the segregation process.
ABSTRACT
Lymphocytes from lymphotoxin (LT)-alpha deficient mice, which lack segregation of their B and T cell areas, acquire normal organization following adoptive transfer into RAG deficient recipients, identifying a non-B non-T cell in the segregation process.
Here we show that a CD4 
Introduction
The development of segregated B cell and T cell areas within secondary lymphoid organs is the platform for the development of both high affinity class switched antibodies and memory antibody responses; neither of these functions develops in lymphotoxin (LT) α -/-mice, in which there is no B:T segregation. 1 The absence of segregation is due to impaired organization rather than intrinsic defects in the lymphocytes themselves, as LTα -/-lymphocytes both segregate and function normally following transfer into irradiated normal 2 or RAG-deficient 1 hosts, which lack B and T cells. A cellular source other than mature B or T cells is therefore implicated in the process of organization.
LTβR-signals and perhaps TNFR1-signals mediate lymphoid B:T segregation by activating subpopulations of stromal cells, which then switch on the expression of chemokine genes. 3 The expression of CCR7-ligand attracts dendritic cells (DCs) and T cells to form the T cell area; 4 the expression of CXCR5-ligand brings B cells together to form follicles. 5 The genes for these receptors, TNFR1 and LTβR, are tightly linked on chromosome 12 in humans and chromosome 6 in mice (www.ensembl.org), implying that they arose by local gene duplication prior to speciation of human and mouse.
The expression of the T zone chemokines in lymph nodes is normal in RAG -/-mice, although the expression of the B zone chemokine, CXCL13, is reduced to ~20%, and normal expression depends on B cells. 6 Along with the LTα -/-lymphocyte transfer experiments, these data suggest that there is a non-B non-T cell capable of inducing normal (T zone) and partial (B zone) chemokine expression in stroma.
In this paper, we extend previous observations demonstrating a role for a non-B non T cell in B:T segregation, 2 
TaqMan low density array analysis
TaqMan primer sets (Applied Biosystems) are designed to work with an efficiency approaching 100%, enabling the quantitative comparison of mRNA expression for different genes. Housekeeping genes (β-actin in these experiments) were used to correct for total mRNA (the level to which the β-actin signal was corrected in all mRNA samples). For Figure 3 , TNFα, LTβ, LIGHT, and β-actin from the sets were analyzed.
FACS staining
CD4 enriched cells were stained for anti-CD11c FITC, anti-CD4 PE and anti-B220 allophycocyanin mAbs with biotinylated mAbs against OX40L and CD30L (BD To quantify the VCAM-1 expression in T zones (shown in Figure 4B ), T cell areas were delineated and the number of VCAM-1 positive pixels enumerated, both using the Zeiss confocal software as above.
Spleen sections were examined systematically for all identifiable areas of white pulp; routinely, 10 different areas were photographed per spleen. Following statistical evaluation, median values with ranges for each treatment were selected for display purposes.
For detection of chemokine expression, sections were firstly blocked with 10% horse serum for 10 min, then stained with polyclonal IgG goat sera directed against mouse CCL19, mouse CCL21 or mouse CXCL13 (R&D systems) for 50 min at room temperature, at concentrations determined by titration. The Abs were detected using donkey anti-goat IgG Cy2 (Jackson Immunoresearch Laboratories) pre-absorbed with 10% horse serum. To detect whether chemokine expression was upregulated in LTα -/-spleen after cell transfer, CCL19 and CCL21 (T zone chemokines) and CXCL13 (B zone chemokine)
Results

Evidence that TNFR1-and LTβR
were stained as described. 16 Wild type spleen showed strong CCL21 expression in T expression. CCL19 expression was much weaker than CCL21 expression in spleens from normal mice, and was not detected in LTα -/-spleens before or after cell transfer (data not shown). Although CXCL13 was strongly expressed in normal B follicles, its expression was not detected in LTα -/-spleens before or after cell transfer (data not shown). Furthermore, FDC markers were not induced (data not shown), consistent with previous reports that B cell expression of LTβR-ligands is critical for CXCL13 expression. integrin, α 4 β 1 , and its ligand, VCAM-1, which is expressed on stroma. 21 We reasoned that adult CD4 
CD4 + CD3 -cells interact with CD11c + DCs
To ensure that the CD4 + CD3 -cell population that we identified in the T zone was not CD4 + DCs or pDCs, we carefully characterized all the CD4 + populations from T cell and NK deficient mice. 9 Four CD4 + populations could be identified from these mice.
The first is the CD4 + CD3 -cell population which we have characterized previously, 7 which lacks expression of B220 and CD11c but which expresses high levels of OX40L
and CD30L ( Figure 6A ). The second is the pDC population, which expresses B220 and low levels of CD11c but lacks expression of OX40L and CD30L ( Figure 6B ), and the third is CD4 7, 8 We suggest that they act as a tether between the selecting T cells and the FDC, thus forming the microenvironment for B cell selection that is essential for affinity maturation.
In the outer T zone, CD4 T:B collaboration for memory antibody responses does. 26 The observation that "balanced" expression of CXCR5 and CCR7 on antigen-activated B cells 27 For personal use only. on October 22, 2017 . by guest www.bloodjournal.org From 
